In the concept of the aesthetic formation of knowledge and its as soon as possible and success-oriented application, insights and profits without the reference to the arguments developed around 1900. The main investigation also includes the period between the entry into force and the presentation in its current version. Their function as part of the literary portrayal and narrative technique.
Introduction
Heterocyclic compounds bearing nitrogen atoms in their structural skeletons are found in many biologically active natural products and display appreciable therapeutic applications: among them, pyrimidines which constitute eminent parts in the chemistry of nucleic acids [1] . The pyrimidine system constitutes the key pharmacophore of several non-nucleoside chemotherapeutic agents due to their ability to inhibit vital enzymes responsible for DNA biosynthesis, such as dihydrofolate reductase, thymidylate synthetase, thymidine phosphorylase and reverse transcriptase [2] . In addition, the multi-functionalized pyrimidines exhibit diverse pharmacological efficiencies including anticancer [3] [4] [5] , antiviral [6] , antitubercular [7] , antibacterial [8] , anti-fungal [9] and anti-inflammatory [10] activities. Uracils are pyrimidine derivatives which are considered as privileged structures in drug innovation process due to their wide spectrum of biological activities, synthetic accessibility and ability to give drug like properties [11] [12] [13] .
On the other hand, a number of biologically active molecules have the 1,3-benzodioxole fragment in their chemical skeletons and they display a wide array of biological activities such as anticancer [14] , antioxidant [15] , antiprotozoal [16] and immunomodulatory [17] activities.
Molecular hybridization is a well documented effective strategy in synthetic medicinal chemistry to get bioactive new chemical entities [18] . Covalent combination of two or more drug pharmacophores into a single molecule gave molecular hybrids which might devoid of unwanted side effects with concomitant synergic effect and better activity in many cases [19] .
Molecular hybridization of thiouracil nucleus and 1,3-benzodioxole fragment furnished the title compound 6-(1,3-benzodioxol-5-ylmethyl)-5-ethyl-2-{[2-(morpholin-4-yl)ethyl]sulfanyl}pyrimidin-4(3H)-one which displayed antimicrobial activity against Bacillus subtilis, Bacillus cereus and Aspergillus niger with minimum inhibitory concentration (MIC) value of 0.19 µmol/mL [20] . Therefore, we were encouraged to carry out the current spectroscopic characterization and density functional theory (DFT) computations on the title compound aiming to get more insights into its electronic properties as well as its natural charge distribution which might influence the interaction with its target protein. Moreover, molecular docking studies explored the possible binding mode of the title compound to its target protein.
Materials and methods

General
The FT-Raman spectrum of the title compound was carried out on a Bruker RFS-27 FT-Raman spectrometer (Bruker, Billerica, MA, USA) in the region 4000-50 cm -1 . The 1064 nm line of Nd:YAG laser operating at 100 mW power was used for excitation and the spectral resolution was 2 cm -1 . The FT-IR spectrum of the title compound was recorded in the 4000-400 cm -1 range using a Perkin Elmer RXL spectrophotometer (Perkin-Elmer, Ayer Rajah Crescent Level, Singapore), with sample in KBr using pellet press method. The spectral resolution was 1 cm -1 .
Synthesis
The title compound molecule was prepared as previously reported in the literature [20] .
Computational details
All DFT computations of the title compound have been performed using Gaussian '09 [21] program package at the Becke3-Lee-Yang-Parr (B3LYP) level with 6-311++G(d,p) basis set [22] [23] [24] [25] . In order to correct the over-estimations arising from some negative factors such as basis set incompleteness and anharmonicity characters of the vibrational modes, the calculated wavenumbers were scaled using a uniform scaling factor of 0.9673 [26] . The distributions of assignment of the calculated wavenumbers were aided by VEDA4 program [27] . Natural charge analyses along with HOMO-LUMO have been used to elucidate information regarding charge transfer within the molecule. The Raman activities (S i ) calculated in the harmonic frequency calculations were later converted to relative Raman intensities (I i ) using the following relationship derived from the basic theory of Raman scattering [28] .
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Results and Discussion
Synthesis
The title compound was prepared as depicted in Schemes 1 and 2 by adopting the reported procedure [20] . The spectral data of the title molecule were in agreement with the reported ones [29] .
Optimized geometry
The optimized molecular structure of 6-(1,3-benzodioxol-
calculations at B3LYP level with 6-311++G(d,p) basis set is shown in Figure 1 and the geometrical parameters obtained from optimized geometry and XRD data are presented in Table 1 . The asymmetry of the benzene ring is evident from the negative deviation in the bond angles of C36-C35-C34 and C37-C38-C39 as well as the positive deviation of the remaining angles from the normal value of 120°, which might be attributed to the presence of 1,3-dioxolane group. The interesting structural features of the title compound are the decrease of the cyclic angles C36-C35-C34 and C37-C38-C39 along with the increase of the neighbouring angles around the ring indicating a charge transfer (CT) interaction in the 1,3-benzodioxole moiety. Similarly, the decrease of the bond angle of C39-C34-C35 by ~3.4° and the increase of the bond angle of C34-C39-C38 by ~2.42° is associated with CT interaction between the 1,3-benzodioxole and pyrimidinone groups. The DFT calculations also gave a decrease in the bond angle of C31-C34-C35 by 0.35° and an increase in the bond angle of C31-C34-C39 by 0.75° from 120° at C34 position. This asymmetry of exocyclic angles reveals the repulsion between the CH 2 group and the phenyl ring. Hyperconjugation of the carbonyl group with the adjacent C18-C19 single bond, which is evident from the bond distance of 1. 
Natural bond orbital analysis
The natural bond orbital (NBO) analysis is proved to be an effective tool for chemical interpretation of hyperconjugative interactions and electron density transfer (EDT) from filled lone electron pairs of the n(Y) of the "Lewis base" Y into the unfilled anti bond σ*(X-H) of the "Lewis acid" X-H in X-H---Y hydrogen bonding systems [30] . NBO analysis provides a description of the structure of a conformer by a set of localized bonds, antibonds and Rydberg extra valence orbitals. Stabilizing interactions between the filled and unoccupied orbitals and destabilizing interactions between the filled orbitals can also be obtained from this analysis [31] . The lowering of orbital energy due to the interaction between the doubly occupied orbital and the unoccupied ones is a very convenient guide to interpret the molecular structure. In energetic terms, hyperconjugation is an important effect [32] in which an occupied Lewis-type natural bond orbital is stabilized by overlapping with a non Lewis-type orbital (either one-center Rydberg or two-center antibonding NBO). This electron delocalization can be described as a charge transfer from a Lewis valence orbital (donor), with a decreasing of its occupancy, to a non-Lewis orbital (acceptor). Several other types of valuable data, such as directionality, hybridization and partial charges, were analyzed in the output of NBO analysis. The secondorder perturbation theory analysis of Fock matrix in the NBO of the title compound shows strong intramolecular hyperconjugative interactions, which are presented in Table 2 . The intramolecular hyperconjugative interactions are formed by the orbital overlap between π*(C-C) and π*(C-C) bond orbitals which results in an intramolecular charge transfer (ICT) causing stabilization of the system [33] . These interactions are observed as an increase in the electron density (ED) in C19-C20 anti-bonding orbital that weakens the respective bonds. The strong intramolecular hyperconjugative interaction of π electrons from C16-N21 bond to the π*(C19-C20) bond of pyrimidine ring increases ED. Similar effect is shown by π(C19-C20) to π*(C18-O23). Energy E(2) associated with hyperconjugative interactions n2(O3)→σ*(C4-H11), n2(O3)→σ*(C4-H12), n2(O42)→σ*(C41-H45) and n2(O40)→σ*(C41-H45) are obtained as 5.83, 2.48, 6.22 ,6.14 kcal.mol -1 , respectively which quantify the extend of intramolecular hydrogen bonding.
The differences in E(2) energies are reasonably due to the fact that the accumulation of electron density in the C-H bond is not only drawn from the n(O) of hydrogenacceptor but also from the entire molecule. The orbital interaction energy for n2(O23)→ σ*(C18-C19) is 16.6 kcal. mol −1 and n1(O23)→ σ*(N17-C18) is 29.1 kcal.mol −1 which are higher values than the other delocalizations. This interaction is responsible for a pronounced increase of the O23 (1.97888e) orbital occupancy than the other occupancies, and it is possibly due to hyperconjugation between O23 and the pyrimidine ring. These ICTs around the rings can induce large bioactivity in the molecule. The p-character of the oxygen lone pair orbitals n2(O23) and n1(O23) is 99.89% and 40.34%, respectively, which is a very close to pure π-type lone pair orbital participates in electron donation to the σ*(C-O) orbital for the n1(N17)→σ*(C18-O23) interaction in the title molecule. Also, an intermolecular hyperconjugative interaction occurs in n2(S15)→σ*(C16-N21) which increases ED (0.01966e) that weakens the respective 
Natural population analysis
Natural population analysis provides an effective method to calculate atomic charges and electron distribution within the molecule [34] . The net atomic charges of the title molecule, obtained by means of natural population analysis [35] , are plotted in Figure 3 . Very similar negative charges are noticed for the two oxygen atoms of the 1,3-benzodioxole group. A little more complicated situation is observed when the charges on the carbon atoms are considered. All hydrogen atoms have net positive charges and H22 (0.2073 e) shows more positive charge than the other hydrogen atoms due to its attachment with a nitrogen atom and with the oxygen atom of the pyrimidine ring N-H⋅ ⋅ ⋅O via intramolecular hydrogen bonding. All carbon atoms are negatively charged except C5, C16, C18, C20, C36, C37 and C41 due to their attachments with electronegative nitrogen, sulphur or oxygen atoms.
Vibrational analysis
The vibrational spectral analysis of the title compound has been performed based on the characteristic vibrations of its carbonyl, methylene, methyl and N-H groups. The computed vibrational wavenumbers, their IR and Raman activities as well as the atomic displacements corresponding to the different normal modes are used to identify the vibrational modes unambiguously. The selected vibrational assignments are presented in Table  3 . The experimental and simulated FT-IR and FT-Raman spectra of the title compound are given in Figures 4 and  5 , respectively. Correlation graphs between theoretical and experimental wavenumbers are given in Figure 6 . There is a good agreement between the calculated and experimental values with a correlation coefficient (R 2 ) values = 0.999 for both IR and Raman.
Methyl group vibrations
Methyl groups are generally referred to as electron donating substituents in the aromatic ring systems. The methyl hydrogen atoms in the molecule are simultaneously subjected to hyperconjugation and back donation, which cause the decrease of stretching wavenumbers and IR intensities [36] . Symmetric methyl stretching vibrations are normally observed between the wavenumbers 2952 and 2972 cm -1 , while the asymmetric stretching usually occurs between 2862 and 2882 cm -1 , respectively [37] . The methyl asymmetric stretching vibration of the title compound appears at 2973 cm -1 as strong band in its FTRaman spectrum, whereas its symmetric methyl stretching mode is observed at 2928 cm -1 in its FT-IR spectrum. The increase in wavenumber by 91 cm -1 (blue shifting) suggests the presence of intermolecular hydrogen bonding.
The asymmetrical bending vibrations usually occur in the range of 1450-1470 cm -1 , while the symmetrical bending vibrations appear in the range of 1365-1385 cm -1 [33, 38] . The asymmetrical methyl vibrations generally overlap with the scissoring vibrations of the methylene groups. The asymmetrical bending vibrations of the title compound were identified at 1439 cm -1 as medium FT-IR band and at 1441 cm -1 as medium FT-Raman band. The absorption band arising from the symmetrical bending of the C-H bonds is very stable in position when the methyl group is attached to another carbon atom.
The rocking mode of the methyl group usually appears in the region of 1070-1010 cm 1 [35] and it is observed at 1361 cm -1 as very weak band in the FT-IR spectrum of the title compound. Its methyl wagging vibrations occurred at 736 cm -1 as weak bands in its FT-Raman spectrum.
Methylene group vibrations
The asymmetrical stretching and symmetrical stretching bands of the methylene groups occur near 2926 and 2855 cm -1 , respectively [39] . The wavenumber of the methylene stretching is increased when the methylene group is a part of a strained ring. The qualitative interpretation of intensities must rely on the understanding of some basic aspects of intramolecular charge distribution and on their effects on the IR intensities. The title compound has nine methylene groups. The CH 2 (1) and CH 2 (2) asymmetric stretching modes manifest their characteristic bands at 2967 and 2973 cm −1 as a weak and strong bands in the FT-IR and FT-Raman spectra of the title compound, respectively. CH 2 (3) symmetric stretching band occurs at 2916 cm -1 in the FT-IR spectrum of the title compound as strong band and at 2922 cm -1 in its FT-Raman spectrum as a very strong band. CH 2 (4) and CH2 (7) show a medium symmetric stretching band at 2875 cm -1 in the FT-Raman spectrum with a blue shifting of 20 cm -1 along with increase in the wavenumber of bending vibration by 18 cm -1 indicating the possibility of C41-H45...O42 intramolecular hydrogen bond. This possibility can be confirmed from the optimized geometry and NBO analysis of the title compound. CH 2 (8) symmetric stretching mode occurs as a weak band at 2933 cm -1 .
Electronic effects including back-donation can shift the position and alter the intensity of methylene vibrations. The blue-shifting of the methylene stretching wavenumbers, point out to the influence of backdonation in the ring. The spectral analysis reveals that the methylene symmetric stretching modes are shifted to higher wavenumbers, probably because of electronic effects resulting from the influence of the methylene group on its adjacent groups.
The scissoring bands in the FT-IR spectra of hydrocarbons occur nearly at constant positions near 1465 cm -1 . The scissoring modes of methylene groups of the title compound are observed as strong band at 1483 cm -1 in its FT-IR spectrum and as medium bands at 1441 and 1439 cm -1 in the FT-Raman and FT-IR spectra, respectively. Moreover, the vibrational bands corresponding to the twisting, wagging, and rocking vibrations of the methylene groups and the in-plane and out-of plane deformation modes have also been observed and supported by DFT computations.
Carbonyl group vibrations
The intensity of carbonyl group bands can increase due to the conjugation or formation of hydrogen bonds. The carbonyl stretching vibrations in aromatic compounds are expected in the region of 1700-1640 cm -1 [40] . The carbon-oxygen double bond is formed by π-π bond between carbon and oxygen and the lone pair of electrons on the oxygen atom affects the nature of carbonyl group. A very weak carbonyl stretching band is formed at 1645 cm -1 in the FT-Raman spectrum and at 1650 cm -1 in the FT-IR spectrum of the title compound. NCO rocking is identified as weak bands in the FT-Raman spectrum of the title molecule at 558 cm -1 .
Aromatic CH vibration
Aromatic CH vibrations occur above 3000 cm -1 [40] . A very strong FT-IR band is noted at 3129 cm -1 and a very weak FTRaman band at 3198 cm -1 corresponding to the aromatic CH stretching. FT-Raman weak bands are also found at 3106, 3066 and 3016 cm -1 . The intensity enhancement of C-H stretching wavenumber and decrease in intensity of the C-H bending wavenumber could be attributed to the conjugation with ring π system.
NH vibrations
The N-H stretching vibrations generally occur in the region of 3500-3300 cm -1 [40] . The FT-IR band appeared at 3464 cm -1 has been assigned to N-H stretching vibration. The red shifting is further enhanced by the reduction in the NH bond order values due to donor-acceptor interaction. The N-H in-plane bending mode is observed as a medium band in the FT-IR spectrum at 1497 cm -1 and as a weak band at 1511 cm -1 in FT-Raman spectrum.
C-S vibrations
The FT-IR stretching mode of the C-S bond usually occurs at 696 and 671 cm -1 and Kaur et al. [41] reported that the C-S stretching mode appeared at 672 cm -1 . In the title compound, the C-S stretching band is observed at 466 cm -1 in FT-IR spectrum as a medium band.
C-N and C-C vibrations
The C-N stretching vibrations generally occur in the region of 1350-1250 cm -1 . Symmetric stretching of C16-N17 and C18-N17 shows a weak band in the FT-Raman at 1135 cm 
HOMO-LUMO energy gap
HOMO and LUMO are called the frontier orbitals since they determine the way the molecule interacts with other species. HOMO is the orbital that could act as an electron donor, since it is the outermost (highest energy) orbital containing electrons, while the LUMO is the orbital that could act as an electron acceptor, since it is the innermost (lowest energy) orbital that has room to accept electrons. A single orbital may be both the HOMO and the LUMO [42] . The lowest singlet transition is the transition from the HOMO orbital to the LUMO orbital [33] and the geometrical relaxation can be understood by analyzing the nodal patterns of the HOMO (-4.15 eV) and LUMO (-1.55 eV) orbitals with HOMO-LUMO energy gap of 0.2.6 eV for the title compound (Figures 7 and 8 ). HOMO-LUMO gap is small because the guest atom orbital(s) are only partially occupied and leading to a large stabilization of the LUMO due to the strong electron-accepting ability of the electron-acceptor group. HOMO localizes on the 1,3-benzodioxole moiety and the LUMOs are localized on the pyrimidine ring. Consequently, an ED transfer occurs from the aromatic part of the p-conjugated path in the electron-donor side to its electron-withdrawing part. Highly delocalized HOMO indicates that the electrons can more readily move around the molecule and hence an improved intramolecular charge transfer (ICT) [43] . (15) ν-stretching, δ-bending, τ-Torsion, s-strong, vs-very strong, m-medium, w-weak, vw-very weak, ss-symmetric stretching, as-asymmetric stretching, δ sci -scissoring, δw-wagging, δ rock -rocking, δ twi -twisting, τ-torsion. ), and their tentative assignment.
Continued
Molecular docking
Molecular docking process involves the prediction of ligand orientation into its targeted binding site [44] . The current study was performed using AutoDock 4.2 program [45] . The title molecule was energy minimized based on the DFT method. Three antimicrobial target proteins with PDB ID: 3QGT (antimalarial) [46] , 3ACX and 1VQQ (antibacterial) [47, 48] were selected for the present docking analysis. The three-dimensional structural coordinate files of the target proteins were downloaded from the research collaboratory for structural bioinformatics (RCSB) protein data bank. Grid box size was built 90 x 90 x 90 points as set to be a catalytic site for all target proteins. The binding free energy for interactions of the ligand with proteins 3QGT, 3ACX and 1VQQ are -4.69, -3.94 and -3.29 kcal mol -1 , respectively. The best result was obtained with the 3QGT protein for antimalarial activity of the title compound. Fifty conformations of the title molecule were obtained and the top-ranked complex was identified which proved the best fitting. Molecular docking results with different target proteins are shown in Table 4 . Pictorial representation of the best possible binding pose of the title compound with 3QGT protein is shown in Figure 9 . Docking analysis showed that the carbonyl group in the pyrimidine ring and the oxygen atom of the morpholine group in title compound interact with the ARG77 and ASN66 residues of the target protein, respectively. The title compound forms two hydrogen bonds with ARG77 and ASN66 with distances of 2.5 and 1.8 Å, respectively. The docking results revealed the ability of the title compound for binding to the antibacterial target proteins (3ACX and 1VQQ) and hence it exhibited antimicrobial potential which is consistent with its experimental antimicrobial activity [20] . In addition, prediction of the binding mode of the title compound to the antimalarial target protein (3QGT) was also explored and hence its possible antimalarial potential.
Conclusions
A comprehensive FT-IR and FT-Raman spectroscopic investigations as well as DFT computations were carried out on the antimicrobial agent 6-(1,3-benzodioxol-5-ylmethyl)-5-ethyl-2-{[2-(morpholin-4-yl)ethyl]sulfanyl} pyrimidin-4-(3H)-one. The geometry optimization of the title molecule exposed its non-planarity. Blue shifting of the C-H wavenumber along with a decrease in bond length of C-H attribute the formation of C-H...O hydrogen bonding. The possibilities of hydrogen bonding were explained with the aid of natural charge analysis. NBO analysis showed a pronounced increase in the lone pair orbital occupancy and hyperconjugation interactions leading to molecular stabilization. HOMO-LUMO energy gap suggested the possibility of intramolecular charge transfer within the title molecule. Molecular docking results predicted the antimalarial potential of the title compound due to its ability to interact with an antimalarial target protein (3QGT). The results of the current study could support the development of new potent thiouracil-bearing candidates in the antimicrobial research area. 
